Additional materials synthesis 1. Synthesis of metal doped anatase TiO 2 ultrathin nanobelts.
was then added into 400 mL H 2 O 2 (30 wt%) and stored at room temperature for 72 h to obtain hydrogen titanates. The hydrogen titanates doped with various metal ions were converted to anatase TiO 2 counterpart after calcination in air at 400 o C for 1 h with a heating rate of 1 o C min -1 .
Synthesis of titanate nanobelt arrays on glass substrates.
The solution after reactions of 0.5 g black precursor and 50 mL H 2 O 2 (30 wt%) at room temperature for 72 h was subjected to centrifugation to recover the titanate precipitations. The residual solution, labeled as precursor solution, was then used for thin film depositions. Cleaned glass substrates with 2.5 × 2.5 cm 2 in size was then immersed in 15 mL of the precursor solution at 80 o C for 24 h. The morphology of the films is shown in Figure 5a , b in the main text. 3.2 Growth of nanobelt branches on the TiO 2 nanowire arrays.
Synthesis of branched nanowire@nanobelt core-shell structures on
The Ti foil 2.5 × 2.5 cm 2 in size, covered with the anatase TiO 2 nanowire arrays, was immersed in 15 mL precursor solution at 80 o C for 3 h. The morphology of the resultant core-shell structures is shown in Figure 5c , d in the main text.
Synthesis of branched nanobelt@nanobelt core-shell structures on Ti substrate.

Synthesis of TiO 2 nanobelt arrays.
A cleaned Ti foil (2.5 × 2.5 cm 2 ) was placed in a 50 ml Teflon-lined stainless steel autoclave filled with 40 mL of 5 M NaOH in aqueous solution. The sealed autoclave was put in an oven at 180 °C for 24 h.
Then, the titanium foil covered with Na 2 Ti 2 O 5 ·H 2 O nanobelts was immersed in 0.1 M HCl solution for 40 min and this process was repeated for 3 times to replace Na + with H + , resulting in the formation of The C 1s spectrum (Fig. 2d ) can be fitted into three peaks around 284.5, 285.6, and 287.4 eV, which is assigned to the C-C, C-OH/C-N, and O=C-O bond, respectively 8, 9 . The S 2p peak ( Fig. 2e) The binding energy at 399.7 eV and 401.2 eV is attributed to ammonium ions and absorbed nitrogen species, respectively 6 . the binding energy of Ti 2p, which is consistent with the previous report 18 . The O 1s at 529.6 eV is attributed to lattice oxygen in TiO 2 , and the peak at 531.2 eV corresponds to the oxygen in surface hydroxyl groups 19 . It can be seen that the samples decorated with Mn and Ni exhibited obviously increased hydroxyl groups (Fig. 13b ). 
